Introduction
Despite a reduction in time devoted to cadaver dissection among U.S. medical schools (Heylings, 2002; Gartner, 2003; Drake et al., 2009; Rizzolo et al., 2010) , gross anatomy continues to serve as a foundation for the preclinical basic science curriculum (Granger, 2004; Prideaux, 2005; Böckers et al., 2010) . During dissection, students confront mortality and begin to appreciate the generosity of the donor's gift for the benefit of their medical education. Cadaver dissection also promotes teamwork and professionalism (Escobar-Poni and Poni 2006; Böckers et al., 2010) .
Above all, cadaver dissection provides medical students and allied health professionals with a unique opportunity to gain a deep understanding of human form and function via a hands-on learning experience.
Various approaches have been developed to assess students' understanding of anatomic structures and their complex relationships (Chakravarty et al., 2005; Chan and Ganguly, 2008; Hofer et al., 2011; Shaibah and van der Vleuten, 2012) . For example, computer-based (virtual) anatomy examinations have been introduced at some medical schools (Krippendorf et al., 2008; Inuwa et al., 2011 Inuwa et al., , 2012 . At other institutions, where the basic medical sciences are integrated with clinical medicine, objective structured practical examinations (OSPEs) have been introduced to assess students' comprehensive understanding of structures, functions, and related clinicopathologic findings (Schoeman and Chandratilake, 2012; Yaqinuddin et al., 2012) .
Jefferson Medical College, of Thomas Jefferson University follows a traditional format for gross anatomy instruction based on overview lectures and cadaver dissection. Our laboratory practical examinations follow the so-called "steeplechase" format (Chirculescu et al., 2007) , in which students encounter a series of faculty-generated questions based on prosected specimens, bones, and images. Students are asked to name (or interpret) key anatomic structures or features that are identified by arrows, paint, colored pins, and/or loops of red string. The traditional approach for assessing student knowledge during practical examinations has involved free-response questions. Although free-response (open-ended) questions have greater face validity than multiple-choice questions (Fenderson et al., 1997) , hand-written examinations in this format are more difficult to score accurately (Krippendorf et al., 2008; Shaibah and van der Vleuten, 2012) .
For example, students may write "superior laryngeal nerve" instead of "internal laryngeal nerve". Such minor differences in terminology lead to variation in grading due to different points of view among the faculty that introduces errors in students' scores.
To address issues of reliability and practicality, alternative formats for scoring practical examinations have been reported (Krippendorf et al., 2008; Inuwa et al., 2011 Inuwa et al., , 2012 . A recent study by Shaibah and van der Vleuten (2012) confirmed the validity of multiple-choice questions as an alternative to free-response questions in anatomy. Previous studies indicated that mean scores are higher on multiple-choice questions, compared to free response questions (Ward, 1982; Veloski et al., 1993) . However, multiple-choice questions appear to assess the same set of knowledge and abilities as free-response questions. Moreover, students' rank order and score distributions are not affected by the use of multiple-choice questions on anatomy examinations (Shaibah and van der Vleuten, 2012) . We have also been using multiple-choice questions for anatomy practical examinations at Jefferson Medical College. The combination of multiplechoice questions and optical mark read answer sheets has improved our assessment process, 5 enabling us to reduce (or eliminate) human coding errors. Machine-graded, examinations also facilitate the generation of valuable psychometric and statistical data regarding overall student performance.
During a practical examination at Jefferson, anatomy students are typically required to stay at a particular testing station for one minute before moving to the next station in sequence. We believe that this system provides sufficient time for the prepared student to examine a specimen and answer a relevant question. However, we realize that examinations are inherently stressful for many students (Ng et al., 2003a; 2003b; Singh et al., 2012) , and that time limitations add additional stress that may undermine student confidence and/or performance. Students frequently complain that they need more time to answer difficult test questions, arguing that the "one size fits all" approach is fatally flawed. To resolve this issue, we analyzed the effects of time limits on student performance. Use of the multiple-choice testing format enabled us to collect data on student performance from two similar groups of students, who received a set of either untimed or timed anatomy practical examinations.
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Methods
Doctor of Physical Therapy Students at Jefferson
The Doctor of Physical Therapy (DPT) training program at Jefferson consists of an intensive 3-year, full-time curriculum. During their first year, DPT students are required to complete a lecture and laboratory dissection course in human gross anatomy. In this study, we followed the performance of students in the class of 2012 (n=46) and class of 2013 (n=46) as they received either untimed or timed practical examinations. The Institutional Review Board at Thomas Jefferson University reviewed our research proposal and approved the collection of aggregate student data for this study. The admission requirements for the two classes of Jefferson students were similar and data indicate that both groups were comparable in terms of their demographic and academic background (Table 1) .
Anatomy Course Offered to Doctor of Physical Therapy Students
The human anatomy course for Doctor of Physical Therapy students at Jefferson consists of 36 hours of theoretical lecture and 78 hours of laboratory dissection. Students are required to pass both components of the course. The lecture portion of the course is divided into 4 blocks: 1) back and upper limb, 2) lower limb, 3) trunk, and 4) head and neck. At the end of each block, a multiple-choice written examination is administrated to evaluate the students' understanding of the lecture-based theoretical material. The advanced anatomy laboratory course is divided into 3 blocks: 1) back and upper limb, 2) lower limb, and 3) trunk.
Practical Examinations
Practical examinations are given at the end of each dissection block. Percentage weights for these examinations are: 35%, 35%, and 30%, respectively. Scores on examinations then determine the final course grade. For each examination, the faculty generated 40 multiple-choice (single best answer) questions that focused on osteology (15% of questions), cadaver items (65% of questions), and diagnostic images (20% of questions). Specific anatomical structures or features were tagged on prosected cadavers using colored pins and red strings. Approximately 15-20% of the questions were higher-order questions that required students to integrate their understanding of anatomic structure/function, or address an important clinical correlation.
Experimental Design
Physical therapy students in the class of 2012 and 2013 were given an identical set of multiplechoice anatomy questions (40 questions per examination). The class of 2012 was allowed to move freely from station-to-station at their own pace. They were at liberty to revisit stations to confirm or change their answer. They had 40 minutes to complete the examination. By contrast, the class of 2013 was assigned to a station number before they entered the room and they began the examination at their assigned station. Six "rest stations" were introduced so as to accommodate 46 students in one testing session. Students in the class of 2013 spent one minute at each testing station and they moved sequentially. They were not allowed to revisit testing stations.
Data Analysis
The performance of students on untimed or timed anatomy practical examinations was analyzed and compared using independent t-tests. We compared student scores on block examinations, as well as their overall final course grades. We also examined the performance of students in the top 20% and bottom 20% of their class. To address the issue of item difficulty (one size fits all criticism), we compared student performance on 10 difficult questions with proportions correct (p-values) below 0.70. These questions had been constructed as higher-order test questions that required a deeper understanding of human gross anatomy. Calculations were performed using Stata Statistical Software: Release 11.0., Stat Corp., College Station, TX.
Results
We followed the performance of PT anatomy students in the class of 2012 (n = 46) and class of 2013 (n = 46) as they received either untimed or timed practical examinations. The median test reliability (Coefficient Alpha) for three block examinations administered to the class of 2012 was 0.56. The median reliability for the same three block examinations administered to the class of 2013 was 0.60. These results indicate that the reliability of these examination scores was sufficient to support the analysis of differences between the two groups of students. Table 2 shows the comparison of the overall final course grades between the untimed (class of 2012) and timed (class of 2013) groups. The results indicate that there is no significant difference between student performance on untimed and timed examinations. Final percent numerical grades were 87.3 and 88.9, respectively. Table 3 summarizes student performance on the three block examinations that covered: back and upper limb, lower limb, and trunk. Differences in student performance between the untimed and timed examination groups were not apparent on examinations that covered the upper and lower limbs (Table 3) . However, the average score of the timed group on the exam of the trunk was significantly (p < 0.005) higher than the untimed group.
Comparison of Untimed and Timed Groups
Comparison of Student Performance on Individual Block Examinations
Effect of Time Limits on Performance of Marginal Students
Limits on time for problem solving during a practical examination could affect the performance of weaker (marginal) students, who are generally believed to be more vulnerable to the deleterious effects of heightened emotional stress. It seemed reasonable to us that this group of students would preferentially benefit by having more time to answer questions (untimed protocol). Contrary to our expectations, average scores of marginal students in the bottom 20 th percentile of the class did not differ significantly between timed (80.9%) and untimed (80.0%)
groups. This lack of difference between groups was also noted for students in the top 20 th percentile of the class: 95.0% (timed examination) and 94.0% (untimed examination).
Comparison of Student Performance on Most Difficult Questions
To further explore the effect of time constraints on problem solving during anatomy practical examinations, we analyzed student performance on difficult items with p-values <0.70. We reasoned that students taking untimed examinations would score higher on difficult questions because they had more time for problem solving. Mean scores for the 10 most difficult items were compared and the results are shown in Table 4 . Differences between groups taking untimed and timed examinations were not statistically significant: 68% (timed group) versus 63% (untimed group). These data suggest that time limits do not affect problem solving, even when students consider complicated, higher-order test questions. Although differences between untimed and timed groups were noted for many of the difficult questions (Table 4) , there was no consistent pattern to these differences. Indeed, on 4 of the 10 most difficult test questions, students given timed examinations scored higher than those receiving untimed examinations.
Discussion
Anatomy is an important rite of passage for medical students. Students are confronted with the face of mortality (Escobar-Poni and Poni, 2006; Sugand et al., 2010) and are required to rapidly learn a new language of anatomy and medicine (Educational Affairs Committee, American Association of Clinical Anatomists, 1996; Hanwell et al., 2007) . In a traditional curriculum, where anatomy is offered at the beginning of the academic year, heightened emotional and academic stress can be challenging for many students. Previous studies have demonstrated that students possess higher levels of stress prior to examinations, as monitored by significantly increased levels of salivary cortisol (Ng et al., 2003a; 2003b; Singh et al., 2012) . A study on stress associated with anatomy practical examinations demonstrated that the concentration of salivary cortisol was at its highest level prior to the first examination (Lester et al., 2010) .
Empathic concern and mentoring at this point in the medical curriculum are essential. At the same time, faculty must provide reasonable assessments of student knowledge that are objective and valid.
This study was designed to address a recurring criticism from medical students and allied health professionals that timed examinations are inherently stressful and unfair. Informal polling of our students indicates an overwhelming preference for untimed practical examinations. Our results do not support the students' contention that timed examinations are more difficult than untimed examinations. Rather, our results demonstrate that there is no significant difference between student performance on untimed and timed practical examinations (Table 2 ). This result also holds true for students in the top as well as the bottom 20 th percentiles of the class.
We were surprised that untimed examinations did not benefit students in the bottom 20 th percentile of the class. We believed that this group would benefit by having more time to consider anatomic relationships and formulate answers to questions. This was not the case:
restricting time at testing stations during an anatomy practical examination did not adversely affect student performance.
To clarify the effect of time on student performance we analyzed the 10 most difficult questions on our examinations (i.e., items with p-values <0.70). These questions were judged by the faculty to be either second-order questions or questions that probed sophisticated concepts. We believed that students taking untimed examinations would score higher on difficult questions (more time for reflection and problem solving). Our results (Table 4 ) do show differences between untimed and timed groups, but in different directions (i.e., there is no pattern). Indeed, on 4 of the 10 most difficult test questions, students given timed examinations scored higher than those receiving untimed examinations (Table 4 ). This may be explained by variations in learning between the classes. Overall, our results demonstrate that placing reasonable time limits on problem solving in the cadaver laboratory does not lead to errors, nor does it reduce student performance on even the most difficult questions (Table 4) .
Differences in student performance between the untimed and timed examination groups were apparent on the block examination that covered the trunk (Table 3 ). The average grade of the timed group (Class 2013) on the exam of the trunk was statistically higher than the untimed group (Class 2012). This was not observed for block examinations that covered the upper and 13 lower limbs (Table 3) . We do not believe that this difference was related to the issue of timing.
Our explanation for this finding is that students in the class of 2013 had a more profound understanding and knowledge of the trunk. Indeed, students in the class 2012 informed us that they did not believe the anatomy of the trunk was a major focus for physical therapy, and so they preferred to concentrate their study on the upper and lower limbs.
In summary, our data demonstrate that placing time limits on problem solving during an anatomy practical examination does not adversely affect student performance. Based on these data, we prefer the use of timed examinations at Jefferson Medical College. Having students move every minute, from one station to the next, allows us to run our practical examinations smoothly and efficiently. This is particularly important when administering an examination to hundreds of students at the same time. Timed examinations also eliminate student crowding around stations that present difficult questions, making timed examinations easier to proctor.
